This study aimed to investigate the effect of different cryoprotectants, glycerol (GLY) or ethylene glycol (EG) or dimethyl sulfoxide (DMSO) on sperm characteristics, and in vivo fertility of frozen-thawed buffalo-bull semen. A total of 85 ejaculates collected by artificial vagina from buffalo-bulls of proven fertility were used in this study. The collected ejaculates were examined for volume, motility, viability, morphology, and sperm cell concentration. The qualifying ejaculates (≥ 3 mass motion, > 70% progressive motility and viability, < 15% abnormal morphology and > 1 x 10 9 sperm cells/mL) were pooled and diluted with Tris-based diluent containing either 7% GLY or 5% EG or 5% DMSO. After 4 h equilibration time, the diluted semen was loaded in 0.5 mL straws, labeled, sealed and frozen stored until analysis. Frozen straws were thawed and evaluated for progressive motility, viability, hypo-osmotic swelling test (HOST), acrosomal membrane integrity, and acrosome reaction (AR) in response to calcium ionophore A23187. Moreover, in vivo fertility was calculated after artificial insemination (AI) of 75 buffalo-cows (25 female/cryoprotectant) treated with double doses of prostaglandin F2α (PGF2α) 11 days interval. The proportions of progressive motility, viability and intact-acrosome were higher (p < 0.05) in extender containing 7% GLY compared to 5% EG and 5% DMSO. The proportion of intact-plasma membrane was comparable (p ≥ 0.05) between GLY and EG but higher than that of DMSO. A time-dependent increase in the % AR and % relative AR was recorded in the three cryoprotectants with clear significant (p < 0.01) difference among them at 30 and 60 min incubation, respectively. Moreover, GLY yielded higher pregnancy rate (52%) than EG (32%) and DMSO (16%). In conclusion, GLY is recommended for preservation of buffalo-bull semen in order to maintain sperm plasma membrane integrity and improve in vivo fertility of frozen-thawed buffalo-bull semen.
Introduction
Buffalo (Bubalus bubalis) is the most important and popular livestock animal for milk 542 E. Almadaly, F. Tawfik, I. El-Kon, B. Heleil, El. Fattouh production in Egypt. It was introduced to Egypt from India, Iran and Iraq around the middle of the 7 th century. Its lactation season ranged from 210-280 day with annual average of 915 kg milk/animal. The total population of buffaloes in Egypt was decrease from 4.16 million in 2012 to 3.64 million in 2016 (1) with decline of approximately 11% within four years, most of them reared in small herds (1-3 animals). Despite it is the best milk, meat and leather producing animal in our country but it has not received sufficient consideration regarding the improvement of its breeding strategies.
Improvement of livestock production can be achieved using one of the assisted reproductive technologies such as artificial insemination (AI) (2) which is an essential tool for the quick dispersion of valuable germplasm and the feasible method to improve the genetic quality of farm animals (3) . Cryopreservation is an essential method for conservation of germ cells and is suitable for the proper genetic management (4) . Semen quality and fertility is clearly reduced by freezing-thawing damage compared with fresh semen and it can be compensated by the insemination of larger number of sperm cells. Generally, 40 -50% of sperm cells die after cryopreservation even with optimized methodology (5) due to an inevitable chemical, osmotic, thermal, and mechanical stresses which lead to lower post-thaw motility and viability (6) . Intracellular ice crystallization is implicated in this inevitable damage of spermatozoa during cryopreservation (7) . Moreover, buffalo-bull spermatozoa are more vulnerable to freezing-thawing damage compared with other mammalian species (8) .
The fertility rate of frozen-thawed buffalobull spermatozoa is ranged from 33% (9) to 45% (10) . Sudden cooling of diluted semen from 30 °C toward 0 °C result in a lethal stress called cold shock in some of the sperm cells which was proportional with the cooling rate, the temperature interval and range (11) . This sharp variation in temperature induces damage in sperm cell membranes. It is possible that these effects are related to phase change in lipids and altered functional state of membranes (6) .
The composition of semen extender containing proper cryoprotectants is critical for successful semen cryopreservation (12) where the cryoprotectant minimize the intracellular ice crystals formation and/or damage. The penetrating cryoprotectants such as glycerol (GLY), ethylene glycol (EG) and dimethyl sulfoxide (DMSO) have the ability to pass through the sperm plasma membrane. Accordingly, it acts both intra and extra-cellular, rearrange the membrane proteins, reduce intracellular ice crystals formation and thus, protect sperm cells from freeze-thaw damage (13) .
Addition of penetrating cryoprotectants to sperm cell suspension, the cells first shrink due to water efflux then swell as the cryoprotectant get intracellular with water to maintain chemical potential. During removal of cryoprotectant the cell will initially swell due to water influx and then return to isosmotic size due to efflux of cryoprotectant with water. This osmotic stress adversely affects sperm motility, viability and function (14).
Conventionally, GLY is used at concentration ranged from 5 to 8% to cryopreserve bovine sperm. However, it has both osmotic and toxic effects on the plasma membrane and metabolism of frozen-thawed semen with subsequent reduced motility and fertility (12). Also, higher concentration of GLY may lead to cell death (15) . Recently, the high membrane permeability of EG was shown to reduce the plasma membrane damage of bovine sperm compared with GLY (16) . Thus, apparently EG has less detrimental effect on viability and motility and offer protective effect to sperm acrosome than GLY (17) . Nowadays, biotechnology of cryoprotectants play substantial role in improving the quality of frozen-thawed semen. Incorporation of efficient and less toxic cryoprotectant within semen extender can make a substantial impact in improving the quality of frozen-thawed buffalo-bull spermatozoa. Therefore, the present study aimed to investigate the effect of different cryoprotectants (GLY, EG and DMSO) on sperm characteristics and in vivo fertility of frozen-thawed buffalo-bull semen.
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Materials and methods

Animals
The present study was carried out at Mehalet-Mousa Research Station, Kafrelsheikh, Egypt. Five healthy Egyptian buffalo bulls (5-6 years-old) of proven fertility, acceptable libido and of good semen quality were used for semen collection. Seventy five Egyptian buffalo-cows (4-5 years-old) having history of normal parturition was used for in vivo fertility experiment. All animals were kept indoors all over the year and fed on ration that met both maintenance and production requirements. Buffalo-cows were fed on concentrates plus corn silage and straw in summer and concentrates plus green clover and straw in winter.
Chemicals, media and reagents
Unless otherwise stated, all chemicals used were of high purity and procured from SigmaAldrich Chemical Company (St. Louis, MO, USA). Freshly prepared Tris-based extender consists of 3.028 g Tris, 1.678 g citric acid and 1.0 g fructose, 20% (v/v) egg yolk, 1000 IU/mL penicillin G sodium, 1 mg/mL streptomycin sulfate and the same extender containing either 7% GLY (Sigma-Aldrich, USA) or 5% EG (SDFCL, India) or 5% DMSO (Fluka, Germany) was used for semen dilution and freezing (5) . Saline medium consists of 142 mM NaCl, 2.5 mM KOH, 10 mM glucose and 20 mM Hepes and adjusted to pH 7.55 at 25 ºC with NaOH (18) was used for dilution and incubation of spermatozoa. Saline medium containing 275 mM sucrose in place of NaCl was used for washing spermatozoa and designated as sucrose medium (18) . Both media contained 0.1% (w/v) polyvinyl alcohol (PVA, molecular weight 30,000-70,000) and 0.1% (w/v) polyethylene glycol (PEG). A fixative used was 2% Glutaraldehyde in 0.165 M of sodium cacodylate buffer, adjusted to pH 7.3 at 25 ºC. Sperm counting medium [(SCM) 0.9% (w/v) NaCl, 0.1% (v/v) formaldehyde, 0.1% (w/v) PEG and 10 mM ethylenediaminetetraacetic acid in H2O] was used for counting of sperm cells. Calcium ionophore A23187 (free acid; CalbiochemNovabiochem Corp., San Diago, USA) was prepared at 100 mM in DMSO, and frozen stored at -30 ºC in small aliquots wrapped from light. Immediately before use, an aliquot was thawed and used at a 1:100 dilution in saline medium to give a final concentration of 1 mM.
Semen collection
Ejaculates were collected from well-trained buffalo-bulls using an artificial vagina of inner sleeve temperature 40 °C according to Rasul et al. (19) . Ejaculates were collected twice a week early morning with 10 min interval. Immediately, after collection the collected ejaculates were kept in water bath of 37 ºC during initial semen evaluation.
Semen evaluation
As soon as possible the collected ejaculates were observed for color, consistency, hygienic quality and volume. An aliquot (200 µL) from each ejaculate was used for evaluation of the following sperm characteristics:
1. Sperm motility 1.1. Mass motility As quick as possible the fresh semen samples were examined on pre-warmed glass slide on a warm stage (38.5 ºC) under phase contrast microscope (Olympus BX20, Tokyo, Japan) at 100 × magnification. The mass motility was scored from 0-5 grade depending upon the speed and intensity of waves. All ejaculates of mass motility less than 3 were excluded.
1.2. Individual motility An aliquot (5 μL) of fresh semen was placed on warm glass slide and diluted with 20 μL isotonic sodium citrate dihydrate 2.9%. The diluted semen was covered with a warm cover slip and examined under phase contrast microscope at 200 and 400 × magnifications. At least, five microscopic fields were examined to calculate the average in increments of 5%. Ejaculates of less than 70% progressive motility were excluded.
2. Sperm viability Alive sperm percentage was determined in Eosin-Nigrosin (EN) stained semen smear according to Bjoerndahl et al. (20) . Briefly, 5 μL of fresh semen was mixed with 20 μL pre warmed EN stain and smeared on warm glass slide, dried and examined at 400 and 1000 × magnification of phase contrast microscope. At least, two microscopic fields containing 200 spermatozoa were examined. The proportion of unstained spermatozoa was expressed as viability%.
3. Sperm cell concentration Sperm cell concentration was determined by direct cell count using Neubauer haemocytometer (Marienfeld, Germany) (21) . Exactly, 10 μL of fresh semen was diluted with 3000 μL SCM and thoroughly mixed. An aliquot (12.5 μL) of sperm suspension was spotted into counting chamber and count sperm cells under phase contrast microscope at 400 × magnification.
Semen dilution and cryopreservation
Immediately before dilution, Tris-based extender was centrifuged at 3310 x g for 20 min and the upper portion of supernatant and sediment were discarded (22) . Extenders (intermediate portion after centrifugation) were prepared one day before semen collection and kept overnight at 4 °C. The ejaculates of at least 3 score mass motility, 70% progressive motility and 800 x 10 6 /mL sperm cell concentration were diluted. Both, ejaculate and extender were maintained in water bath of 37 °C. The selected ejaculates were pooled together to avoid the bull effect before being diluted with cryoprotectant free extender stepwise at room temperature. The semen was diluted gradually 1:10 (each straw had at least 20 x 10 6 motile sperm). Diluted semen was cooled to 4 °C for 2 h and further diluted (1:1) with cryoprotectant containing extender (23). The cryoprotectant was either 7% GLY (24) or 5% EG (3) or 5% DMSO (19). Diluted semen was equilibrated at 4 °C for at least 4 h (25) before being loaded in 0.5 mL polyvinyl French straws (IMV, France) with a suction pump at 4 °C in a cold cabinet (Minitub, Germany). The filled straws were plunged above liquid nitrogen vapor (-120 °C) for at least 10 min then immersed in liquid nitrogen (-196 °C) for storage.
Evaluation of frozen-thawed semen
Two straws for each treatment were thawed in water bath of 39 °C for exactly 1 min, thoroughly dried and gently evacuated in 1.5 mL vial which kept on a warming plate (38.5 °C) during evaluation. Frozen-thawed semen was examined for the following sperm characteristics:
1. Progressive motility The proportion of progressive motility was determined in wet mount using 10 µL of frozenthawed semen on pre-warmed glass slide covered with warm cover slip (18 x 18 mm), and examined at 400 × magnification under phase contrast microscope. Five microscopic fields were examined for the proportion of progressive motile sperm according to Chutia et al. (26).
2. Sperm viability The proportion of live sperms was determined in EN-stained smears similarly as mentioned before in fresh semen analysis. At least, 200 spermatozoa were examined for each semen sample to calculate the proportion of unstained spermatozoa which expressed as viability %.
3. Sperm plasma membrane integrity Plasma membrane integrity was determined by using hypo-osmotic swelling test (HOST) (27) . Hypo osmotic solution was prepared by dissolving 0.73 g sodium citrate and 1.35 g fructose in 100 mL Milli-Q water (osmotic pressure ~190 mOsmol/kg). For evaluation, 50 µL of frozen-thawed semen was suspended in 500 µL of pre-warmed HOST solution and incubated at 37 °C for 30 -60 min. After incubation, 50 µL of HOST exposed sperm suspension was fixed with an equal volume of 2% Glutaraldehyde in sodium cacodylate buffer for at least 30 min at room temperature. Two wet mount (2 µL/each) were prepared and examined for the proportion of sperm cells showing tail swelling under (1000×) phase contrast microscope. In total, 200 spermatozoa per each wet mount were examined for their swelling characterized by coiled tail. The proportion of HOST-positive sperm cells (% intact-membrane) was determined from the following equation (HOST-positive % = Y − X/400 × 100), where X was spermatozoa having tail abnormalities and Y was spermatozoa having swelled tails according to Fukui et al. (28) .
4. Acrosomal membrane integrity Acrosomal membrane integrity was determined in EN-stained semen smears according to the method described by Bamba [29] . At least, 200 spermatozoa were examined in each semen sample under phase contrast microscope at 1000 × magnification. Sperm cells having crescent shape apical ridge considered intactacrosome otherwise consider damaged-acrosome. 2+ and Ca 2+ ionophore A23187 Spermatozoa were incubated with Ca 2+ and Ca 2+ ionophore A23187 as previously described by Almadaly et al. (18) . Two straws were thawed at 39 °C for 1 min and evacuated in 1.5 mL vials. The two vials were centrifuged at 830 x g for 6 min at room temperature and remove the supernatant. The sperm pellets were resuspended in saline medium then was overlay on sucrose medium containing 0.1% PVA and 0.1% PEG and centrifuged at 400 x g for 5 min then at 1000 x g for 10 min at room temperature. After centrifugation the supernatant was discarded and sperm cell concentration was adjusted to 6 x 10 6 /mL. Spermatozoa were resuspended in saline medium containing 3 mM CaCl2 and incubated in the presence and absence (DMSO vehicle, control) of 1 mM Ca 2+ ionophore A23187 at 37 °C for up to 60 min in air. At 0, 5, 10, 15, 30, and 60 min subsamples were collected and fixed with 1% Glutaraldehyde in 0.165 M cacodylate buffer at room temperature for at least 30 min. After incubation, wet mounts (2 µL/each) were prepared and examined under oil immersion lens of phase contrast microscope.
Stimulation of frozen-thawed spermatozoa with Ca
Sperm having a clear, dense apical ridge on the head were considered acrosome-intact, but sperm cells with ruffled or vesiculated acrosome or without acrosome were considered acrosome reacted. The raw data expressed as % acrosome reaction (AR) was transformed to percentage of spermatozoa that were acrosomeintact at the onset of stimulation but subsequently have an AR in response to Ca 2+ and Ca 2+ A23187 (% relative AR) with the following formula: (%AR at each time point of stimulation -percentage at 0 min) / (100 -percentage at 0 min) x 100 (30).
Estrus synchronization and artificial insemination
This experiment was applied on 75 pluriparous buffalo-cows maintained at the same farm of buffalo-bulls and of more than 90 days postpartum with normal genitalia. Before the onset of experiment all buffalo-cows were examined by rectal palpation and/or ultrasound (Mindry, Germany) for judging the ovarian activity which indicated by the presence of follicles and/or corpus luteum. Cyclic buffalo-cows received double dose of prostaglandin F2α (PGF2α) with 11 days interval (31) where each animal received 750 pg PGF2α analogue (Cloprostenol sodium, Estrumate, Berkhamsted, England) intramuscularly on days 0 and 11. Exactly, 48 h after the second dose of PGF2α animals were carefully observed for the signs and/or the reflexes of estrus throughout the day and night. Estrus buffalo-cows were inseminated with frozen-thawed straws (two straws/animal) containing either GLY (n = 25) or EG (n = 25) or DMSO (n = 25). All animals were intrauterine inseminated (recto-vaginal technique) by the same inseminator using ampm regime.
Pregnancy diagnosis
All inseminated buffalo-cows were rectally palpated and/or ultrasound examined for positive findings of pregnancy on day 45 post-insemination. Presence of either amniotic vesicle or fetal membrane slip was considered a reliable sign for the pregnant buffalo-cow.
Statistical analysis
The results were presented as mean ± standard error of mean (SEM). All analyses were achieved using a statistical software program (Graphpad Prism Version 6.0; Graphpad Software, San Diego, CA, USA). Analysis of variance (ANOVA) with Turkey's multiple com-parison test was used subsequently for comparison of means at a significance level of p < 0.05 (32) . The proportion of pregnant females was analyzed by Chi-square test at p < 0.05.
Results
Sperm characteristics of fresh semen
The obtained results revealed that all ejaculates of the five buffalo-bulls used for processing of frozen semen had acceptable mass motility (4.5 ± 0.2), progressive motility (78.7 ± 1.3), viability (79.5 ± 0.8) and sperm cell concentration (1.6 ± 0.1 x 10 6 /mL) as well as % abnormal morphology (9.6 ± 0.7, Table 1 ).
Sperm characteristics of frozen-thawed semen 1. Sperm motility
The mean ± SEM of % progressive motility of frozen-thawed buffalo-bull spermatozoa frozen-stored in the presence of one of the three cryoprotectants have been presented in Table 2 . The progressive motility were extremely (p < 0.001) different among the three cryoprotectant where it was greater in GLY (41.3 ± 1.2) followed by EG (31.4 ± 0.9) and lower (25.4 ± 1.1) for DMSO.
Sperm viability
Regarding the results of sperm viability (Table 2), GLY yielded the greater (p < 0.001) sperm viability (47.7 ± 1.1) than both EG (42.3 ± 0.8) and DMSO (39.2 ± 1.2) without significant difference between EG and DMSO.
3. Plasma membrane integrity The proportion of intact-plasma membrane of spermatozoa frozen-stored in the presence of GLY or EG (Table 2) were greater (p < 0.001) than that of DMSO (46.3 ± 0.9) without significant difference between GLY (58.4 ± 1.5) and EG (58.7 ± 0.8).
4. Acrosomal membrane integrity The proportion of intact-acrosome was significantly (p < 0.001) different among the three cryoprotectant with greater % (61.7 ± 1.2) in GLY than EG (58.4 ± 0.8) and DMSO (48.4 ± 0.5) as shown in Table 2 .
Induction of AR with Ca
2+ and Ca 2+ ionophore A23187 Incubation of spermatozoa with Ca 2+ / A23187 resulted in a time-dependent increase in the % AR (Table 3) , in the three cryoprotectants without significant (p ≥ 0.05) difference at 0 and 5 min but with significant (p < 0.01) difference at 10, 15, 30 and 60 min. Regarding % relative AR (Table 4) it was similar among the three cryoprotectants at 5, 10 and 15 min but was extremely different among them at 30 and 60 min. Almost in all incubation times GLY was predominant in both % AR and % relative AR (Tables 3, 4) .
Pregnancy rate
The pregnancy rate was different (x 2 = 7.32, p < 0.05) among the three cryoprotectants as depicted in Figure 1 , where it was greater (52%) with GLY than EG (32%) and DMSO (16 %). Effect of cryoprotectants on in vitro semen quality and in vivo fertility of buffalo (Bubalus bubalis) bull semen 547 Table 1 : Fresh semen quality (mean ± SEM) of buffalo-bulls* *For each replicate ejaculates were collected and examined in duplicate for each semen parameter. Characteristics (mean ± SEM) of frozen-thawed buffalo-bull spermatozoa frozen-stored with different cryoprotectants* *Two straws were thawed and pooled together for each replicate and examined in duplicate for each sperm characteristic. Means bearing different superscript within the same column were significantly different at p < 0.05. 
Discussion
It is imperative to mention that buffalo-bull sperm are more susceptible to freeze-thaw damage than other domestic animals. This poor freezability of buffalo-bull sperm might be related to the lower content of membrane phospholipid and/or its loss during freezing and thawing procedures (33) . Also, intracellular ice crystal formation during cryopreservation was the main cause of sperm cell damage. Thus, the composition of diluent containing proper cryoprotectants is critical factor for successful semen preservation (34) as the cryoprotectant minimizes intracellular ice formation (12). Moreover, the ideal cryoprotectant must have low molecular weight, high water solubility, permeated cell quickly and of low toxicity (35).
On the basis of existing information on freezing of buffalo-bull sperm in the presence of different cryoprotectants, GLY improved the post-thaw sperm characteristics including motility, viability, plasma membrane integrity, acrosomal membrane integrity, % AR and % relative AR in response to calcium ionophore A23187 as well as yielded higher pregnancy rate in comparison with EG and DMSO. These findings were regular with the findings of Tasdemir et al. (34) who reported that there was no advantage in using EG or DMSO spermatozoa where GLY yielded the best post-thaw sperm characteristics in comparison with EG and DMSO. Also, Guerrero (36) found that the post-thaw progressive motility and % intactmembrane of bull sperm frozen in 7% GLYTris-based extender were significantly higher than those of sperm frozen in 7% EG-Trisbased extender. On contrary, % intact-acrosome was similar between 7% GLY and 7% EG.
Moreover, the findings of this study were in harmony with Rasul et al. (19) who concluded that GLY is still an efficient cryoprotectant for buffalo-bull sperm and DMSO antagonized the action of GLY and thus reduced the post-thaw quality of buffalo-bull sperm. Moreover, 6% GLY added at 37 °C, provided better cryoprotection to the motility and plasma membrane integrity of buffalo-bull sperm (19).
Our findings were in agreement with Rohilla et al. (25) who reported that 6.8% GLY greatly improve post-thaw buffalo-bull sperm motility, viability, and intact-acrosome in comparison with 5% EG. Furthermore, Gabr (37) reported that higher concentration of cryoprotectant for instance, ˃ 7% GLY resulted in gradual reduction in motility. Post-thaw sperm motility with GLY and DMSO didn't differ significantly and there is a beneficial effect of 7% GLY on improving sperm motility of buffalo-bull semen extended in Tris-based extender in comparison with different (5, 7, 10%) concentrations of DMSO and EG (37) .
Noteworthy, our findings were partially inconsistent with the findings of Swelum et al. (3) who reported that 5% EG resulted in greater post-thaw intact-acrosome, intact-plasma membrane and conception rate of buffalo-bull spermatozoa than 7% GLY. On contrary, the postthaw sperm motility was lower with 5% EG than 7% GLY which was in agreement with our results but sperm viability didn't affected with the different cryoprotectants either GLY or EG. El-Harairy et al. (38) found that post-thaw motility and the conception rate of bull spermatozoa frozen in lactose-yolk-citrate extender containing 7% GLY or 7% DMSO was similar. This discrepancy might be due to different animal species, breed, and semen extender as well as different cooling and freezing protocols. For instance, permeability of sperm plasma membrane to cryoprotectant and the consequent osmotic damage was species-dependent because each animal species has different structure and composition of sperm plasma membrane.
It is well known that the sperm plasma membrane considered being the foremost site of freeze-thaw damage due to its high content of poly unsaturated fatty acids that render it more vulnerable to the intracellular ice crystals formed during the freezing process. This membrane damage lead to loss of lipids and phospholipids (39), cholesterol and consequently, the ratio of poly unsaturated fatty acids and saturated fatty acids is disturbed. On the basis of results obtained in the present study that GLY provide higher proportion of intact-plasma membrane, % AR and % relative AR post-thaw
